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ABSTRACT 
 
Effect of Centric Interference on Canine Tooth Wear 
by 
Andrey Gaiduchik 
Master of Science, Graduate Program in Orthodontics and Dentofacial Orthopedics 
Loma Linda University, September 2018 
Dr. V. Leroy Leggitt, Chairperson 
Dr. L. Parnell Taylor, Co-Chairperson 
 
Purpose: The aim of this study was to determine the long term effect of a centric 
interference on canine tooth wear (CTW) and on centric occlusion (CO) and maximal 
intercuspation (MIP) variance.  
Materials and Methods: Thirty subjects, 11 males and 19 females, were selected based 
on inclusion and exclusion criteria. Changes in enamel volume were studied between the 
end of orthodontic treatment (T2) and at least seven years post treatment (T4). All models 
were scanned using a high resolution desktop scanner, (OrthoInsight 3D Scanner™, 
MotionView LLC). T4 models were articulated using a Panadent® Articulator and 
evaluated for dental interferences and CO/MIP variance using the incisal pin locator. The 
canines were evaluated for volumetric CTW from T2 to T4 using Geomagic Control (3D 
Systems, South Carolina 2014). Intraclass correlation test was used to evaluate 
repeatability. A Chi-Square correlation test was used to evaluate the relationship between 
interference and CTW. A Spearman-rho test was used to evaluate the relationship 
between CTW and CO/MIP discrepancy.  
Results: The presence of a posterior interference, indicated by an initial contact in CO, 
was present in all subjects. Sixty-seven percent of subjects showed greater CTW opposite 
 xii 
the side of the interference, which was not statistically significant (p=0.114). There was a 
relationship between an interference on the left side and CTW on the opposite side 
(p=0.039) but no relationship between a right interference and CTW (p=0.308).  CO/MIP 
discrepancy had a moderate correlation with TW (rho=0.558, p=0.001). The mean 
CTW/year was 0.13±0.16 mm
3
. Males had 0.22±.21 mm
3
 and females had 0.07±0.16 
mm
3
 of CTW/yr, which was a statistically significant difference (p=0.008). Sixty percent 
of the centric interferences were due to the maxillary second molar.   
Conclusions: No statistical relationship was found between centric interferences and 
CTW. There was a relationship between a left centric interference and CTW, but no 
relationship between a right centric interference and CTW. There was a moderate 
relationship between CTW and CO/MIP discrepancy. There was a statistically significant 
difference in CTW between males and females. Most of the interferences were due to the 
disto-lingual cusp of the maxillary second molars. 
 
 1 
CHAPTER ONE 
REVIEW OF LITERATURE 
 
Introduction 
 
The evaluation of orthodontic treatment finishing, occlusion, and stability has 
been discussed in the literature. For most orthodontists, a final treatment outcome goal 
includes a correction to Andrew’s Six Keys to be considered a “good” finish. During the 
treatment, orthodontists would monitor patients for caries risk, dental sensitivity, 
periodontal diseases, joint sensitivity, and pathologies to reach the final goal of a good 
occlusion. There is support in the literature that defines the optimal joint position as 
another measure of an excellent finish.
8, 28
 This would be the physiologic goal of 
treatment. Some have suspected that when static occlusion is not in line with physiologic 
goals, then dental and muscular symptoms could increase. Despite an optimal static 
occlusion, dental interferences may still exist that would cause some physiologic 
compensation of function to avoid the interference. The neuromuscular system would 
direct the mandible to the opposite canine that would lead to some identifiable 
asymmetrical tooth wear.
4, 16
 Although tooth wear has been measured in the literature, it 
has not been measured in relation with a dental interference.  
 
Tooth Wear 
Loss of tooth structure is considered permanent, irreversible and problematic in 
that it affects aesthetics and occlusion. Normal tooth wear occurs continuously 
throughout the aging process, though the observed effects vary greatly from one person to 
another.
4
 Tooth wear affects the area of the tooth by 1) tooth to tooth contact on 
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proximal, occlusal and incisal surfaces. This takes place during mastication, swallowing, 
and bruxism. Another way tooth wear can occur is by 2) tooth abrasion. Tooth abrasion is 
the mechanical and pathological wearing of the tooth that occurs through brushing and 
clenching.
4
 3) Tooth erosion is the final type. This is primarily caused through chemical 
wear, such as eating acidic foods or GERD. The International Classification of Diseases, 
published by the World Health Organization (WHO), described tooth wear as a tooth 
disease. Once the process occurs, it requires treatment if it is severe enough.   
Some treatments due to excessive tooth wear require restoring the vertical 
dimension of occlusion. Loss of VDO can be a significant problem for some people. 
Hand et al. found that in a sample of 520 subjects, 84.2% had enamel attrition, 72.9% had 
dentin attrition, and 4.2% had severe attrition.
29
 Sivasithamparam et al. found that 11.6% 
of 448 adult patients had either near-pulpal exposures or pulp exposures.
7
  
Tooth wear during or after orthodontic treatment has been discussed in the 
literature, however the definitive casual relationship is yet to be determined. One study 
showed that attrition in adults is correlated with attrition in mixed dentition though it was 
not determined to be predictable.
3
 Patients who had attrition during orthodontic treatment 
were more likely to have more attrition 20 years post treatment, regardless of their 
finished occlusion at the end of orthodontic treatment. Out of this study, they found that 
patients had more tooth wear as they aged. The authors in this study used TWI’s to 
evaluate tooth wear. Although a categorical scoring system can be reliable with some 
calibration, there are many disadvantages to it because there is no quantifiable 
information about the tooth wear.  
 3 
Another study evaluated occlusal wear of anterior teeth in orthodontic patients 
with different retainers up to five years of post treatment.
24
 Dental casts were analyzed 
before treatment, after treatment, and five years post-treatment using a grading scale. The 
authors concluded that there was an increase in tooth wear for all teeth, regardless of the 
retainer, but the amount of tooth loss was clinically negligible. However, an increase in 
intercanine width during treatment was associated with a slower progression of tooth 
wear. Other studies evaluated the association between orthodontic treatment and tooth 
wear, and concluded that orthodontic treatment did not lead to increased tooth wear.
26
 
 Methods were developed to evaluate the progression and quantity of tooth wear.
22
 
In a cohort study, Rodriguez et al. discovered TW was 0.03 mm
3
 per year, using 
Geomagic Qualify 11. The authors concluded that tooth wear was slow in this cohort, 
suggesting that tooth wear may be cyclical in nature or inactive in this population.  
 Pintado et al. investigated the enamel loss in 18 young adults (dental students 
between 22 and 30 years old) for two years using a profiling system on epoxy replicas of 
the teeth.
6
 Their results showed that the mean volume loss for canine was 0.087 mm
3
 per 
year. Park et. al., using Rapidform XOR3, evaluated cuspids from start of treatment (T1) 
to the end of treatment (T2) and discovered a mean volume of tooth wear on 224 canines 
to be 2.0 mm
3 
over a 35.5 month period of treatment.
23
 
For some individuals, the tooth wear may be negligible, while others may require 
intervention and treatment. Because tooth wear is multifactorial, understanding as much 
as possible about the etiology could be beneficial to the patient’s long term overall health.  
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Significance of CO and MIP 
One of the areas of controversy in orthodontics is the topic of centric relation and 
occlusion. Andrew’s Six Keys has often been the final occlusal goal.30 Traditional and 
orthognathologic orthodontists differ as to what the optimal final orthodontic treatment 
should look like.
9, 12, 13
  
 Gnathology oriented orthodontists aim to have centric occlusion coincide with 
maximum intercuspation, whereas, traditional orthodontists tend to use hand held models, 
and favor treatment goals that include the attainment of the best occlusal relationship 
with the framework of optimal dentofacial esthetics, function and stability through the 
function of MIP.
8, 30
  
 To understand the differing philosophies, it is best to first establish a consensus 
for the definitions in use:  
Centric relation is defined as a musculoskeletal stable position of the joint, that is 
anatomically determined, repeatable and reproducible. The Academy of Prosthodontists 
defines CR as “The maxillomandibular relationship in which the condyles articulate with 
the thinnest avascular portion of their respective disks with the condyle in the anterior-
superior position against the slopes of the articular eminence.” This position is 
independent of tooth contact.
31, 32
  
Maximum intercuspation (MIP) is a dentally determined position. The condylar 
position is determined by the maximal dental contacts, with tooth morphology 
determining the position of the mandible.
9, 11
 Academy of Prosthodontists defines MIP as 
“the complete intercuspation of the opposing teeth independent of condylar position, 
sometimes referred to as the best fit of the teeth regardless of the condylar position.”31 
 5 
Centric occlusion is defined by the Academy of Prosthodontist as “the occlusion of 
opposing teeth when the mandible is in centric relation. This may or may not coincide 
with the maximal intercuspal position.”31, 32 
 With this in mind, gnathalogical orthodontists believe that orthodontists should 
treat patients to a desirable physiologic goal,
11
 which is believed to provide long term 
stability of the joints and occlusion, healthy muscles and joints, and improved function 
and esthetics.
9
 The treatment of orthodontics has evolved from just Andrews’ Six Keys to 
that of “coordination of tooth position with jaw function.”11 Dr. Andrews proposed static 
occlusal goals for orthodontic treatment, where guidelines are given for the position of 
teeth. Dr. Roth further added keys that contributed to the physiological goals that related 
to the occlusal goals.
11
 The goal of gnathological orthodontists was for the mandible to 
seat ideally in MIP, without condylar deflection from CR due to interferences.
32
 If 
occlusal interferences existed, causing a deflection of condyles away from CR in MIP, 
then there was “an imbalance between the inferior lateral pterygoid and elevator muscles, 
which triggered muscle hyperactivity leading to development of TMD.”32 Any 
disharmony was believed to contribute to the development of TMD.
32, 33
 
 Traditional orthodontists strive for the best occlusal relationship in regards to 
function, esthetics, and stability at MIP.
30
 Rinchuse and Kandasamy presented opposing 
views with regards to placing the condyles into CR and MIP.
12, 13, 34
  One of the reasons 
behind this is that they believed there is not enough evidence, and that gnathologic 
orthodontists proposed goals based on clinical experience.
34
 Because TMD is a 
multifactorial issue and occlusion is just one of the issues, it was concluded that TMJ’s 
not in CR would not lead to TMD.
34
  
 6 
 To register a patient in centric relation, it is necessary to mount the patient’s 
models in an articulator using a proper bite registration.
9-11, 28, 32, 33, 35
 Most studies that 
review CO and MIP and TMJ positions, made a bite registration in MIP, an additional 
bite registration in CR, and a facebow registration. The casts are mounted with the CR 
bite registration. The widely held belief that the patient’s accommodated 
neuromusculature system guides the mandible into occlusion, avoiding any existing 
interferences because the intercuspal position is dominant over the condylar position.
8, 16
 
So, it was also necessary to deprogram the neuromusculature prior to a bite registration.
11, 
28, 33
 In a prospective study, Cordray examined 596 patients to evaluate the 3D arch 
displacement and condylar displacement between CO and MIP.
11
  After mounting the 
models, he observed that the dental discrepancy in CO was significantly different from 
MIP, with more posterior contacts (94%), increased overjet, decreased overbite, midline 
differences, and Angle classification changes. He found a significant difference between 
occlusion when dictated by the teeth vs when it was dictated by the condyles.
11
  
 Discrepancies in CO and MIP can occur in the cephalometric analysis as well.
35
 
Tracings were compared from a MIP tracing with those converted to a centric relation 
tracing. There were 68 patients who had a CO/MIP discrepancy of 2 mm or greater in 
either direction, measured in the condyles. They recommended that for a correct 
orthodontic diagnosis the mandible should be placed in centric relation. 
 There have been several studies published to show the discrepancy between CO 
and MIP.
9, 11, 19, 36, 37
 In these studies, only Cordray
11
 and Karl
19
 utilized neuromuscular 
deprograming prior to a bite registration. Deprogramming is considered important 
because the neuromusculature may change the closure of the mandible if there is an 
 7 
occlusal interference.
33 
There are
 
several useful methods that aid in deprogramming, they 
include
16, 18, 19
: 1) having the patient bite anteriorly on a cotton roll, 2)  anterior Lucia jig, 
and 3) a leaf gauge.
33
 Costea found in their study that 85% of the patients had vertical and 
87.5% had horizontal discrepancy for both condyles, and 87.5% had a significant 
condylar displacement in at least one of the three planes.
9
 They suggested that treatment 
should consider the condyles before treatment to establish the correct diagnosis.  
 In a similar study, the authors investigated the relationship between CO/MIP 
discrepancy and TMD in pre-treated orthodontic patients with signs and symptoms of 
TMD.
32
 In their study, they used 107 pre-treated orthodontic patients and a control group 
of 70 patients that were asymptomatic. They found that 72.9% in the experimental group 
and 11.4% in the control group had a positive CO/MIP discrepancy. Patients with a 
CO/MIP discrepancy had a significant relationship with TMD signs and symptoms.  
 In contrast, some evidence has been suggested that MIP does not have to be 
coincident with CO and that discrepancies can range up to 4 mm.
34
 Ramfjord suggested 
that patients could tolerate discrepancies of 1.5 mm horizontally and 1.5 mm vertically 
and 0.5 mm transversely.
30
 This suggests that instead of having one position of the joint, 
there may be a range to normal physiologic function.   
 
Interferences 
 As mentioned, tooth wear has been linked to many factors. Clark et al have 
reported that interferences, such as high fillings or premature contacts, could lead to 
periodontal and pulpal issues.
1
 Some patients with interferences, experienced jaw muscle 
pain, clicking, disruption of smooth jaw function, and local tooth pain. However, it could 
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not be proven that interferences caused bruxism.
1
 Ramjford showed that there was an 
individual tolerance level that would determine if patients would have pain in the 
presence of an interference.
30
  
 Some studies show that patients have an adaptive behavior towards experimental 
interferences, while others do not.
5
 Bell evaluated artificial interferences between 
subjects with and without a history of TMD. Subjects with a history of TMD reported 
stronger symptoms with the presence of an interference, compared to those without. 
There was more sensitivity towards occlusal discomfort and chewing difficulties. People 
have varying degrees of adaptive capabilities, and those with a history of TMD, may have 
more difficulty.
5
  
 
Methods of Analyzing Tooth Wear 
 Analyzing tooth wear has always been difficult due to the inability of 
extrapolating quantifiable data. Previously, tooth wear has been assessed clinically using 
TWI’s.3, 7, 29 Severe tooth wear can be assessed clinically, however the quantity could not 
be determined. With the advent of various software applications, it is possible to evaluate 
quantitative tooth wear digitally using 3D analysis. Pintado et al. used AnSur Software
6
 
and Rodriguez et al. used Geomagic Qualify 11.
22
 
Park et al. also examined tooth wear using a 3D reverse engineering software 
(Rapidform XOR3, INUS Technology, Seoul, Korea).
23
 Volumetric changes in canines 
from T1 to T2 were evaluated by superimposing the buccal and lingual surfaces of the 
scanned teeth. The superimposed teeth were reconstructed into solid objects and the 
volume difference was calculated.  
 9 
The use of 3D software analysis has been used by various industries. There are 
many uses for 3D analysis in dentistry that have been utilized by Suresmile®, Invisalign, 
RMO Dental Monitoring™ and other companies to analyze dental tooth movements. 
Geomagic is a 3D software that has been used to control, design and inspect 
manufacturing in industries such as automotive, aerospace, and recently healthcare. One 
of the applications of this software could be used to analyze dentition, specifically tooth 
wear. By taking two similar digital objects, it is possible to evaluate subtle differences. 
No other studies have been found evaluating tooth wear due to centric interferences.  
  
 10 
CHAPTER TWO 
EFFECT OF CENTRIC INTERFERENCE ON CANINE TOOTH WEAR 
 
Abstract 
Purpose: The aim of this study was to determine the long term effect of a centric 
interference on canine tooth wear (CTW) and on centric occlusion (CO) and maximal 
intercuspation (MIP) variance.  
Materials and Methods: Thirty subjects, 11 males and 19 females, were selected based 
on inclusion and exclusion criteria. Changes in enamel volume were studied between the 
end of orthodontic treatment (T2) and at least seven years post treatment (T4). All models 
were scanned using a high resolution desktop scanner, (OrthoInsight 3D Scanner™, 
MotionView LLC). T4 models were articulated using a Panadent® Articulator and 
evaluated for dental interferences and CO/MIP variance using the incisal pin locator. The 
canines were evaluated for volumetric CTW from T2 to T4 using Geomagic Control (3D 
Systems, South Carolina 2014). Intraclass correlation test was used to evaluate 
repeatability. A Chi-Square correlation test was used to evaluate the relationship between 
interference and CTW. A Spearman-rho test was used to evaluate the relationship 
between CTW and CO/MIP discrepancy.  
Results: The presence of a posterior interference, indicated by an initial contact in CO, 
was present in all subjects. Sixty-seven percent of subjects showed greater CTW opposite 
the side of the interference, which was not statistically significant (p=0.114). There was a 
relationship between an interference on the left side and CTW on the opposite side 
(p=0.039) but no relationship between a right interference and CTW (p=0.308).  CO/MIP 
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discrepancy had a moderate correlation with TW (rho=0.558, p=0.001). The mean 
CTW/year was 0.13±0.16 mm
3
. Males had 0.22±.21 mm
3
 and females had 0.07±0.16 
mm
3
 of CTW/yr, which was a statistically significant difference (p=0.008). Sixty percent 
of the centric interferences were due to the maxillary second molar.   
Conclusions: No statistical relationship was found between centric interferences and 
CTW. There was a relationship between a left centric interference and CTW, but no 
relationship between a right centric interference and CTW. There was a moderate 
relationship between CTW and CO/MIP discrepancy. There was a statistically significant 
difference in CTW between males and females. Most of the interferences were due to the 
disto-lingual cusp of the maxillary second molars. 
 
Introduction 
 Tooth wear can occur by attrition (physical), abrasion (mechanical) or erosion 
(chemical), which has been linked to several factors including stress related clenching, 
bruxism, supraocclusal restorations and malpositioned teeth.
1-4
 Various studies have 
shown that the effects of dental interferences and premature contacts are associated with 
increased dental symptoms, but tooth wear was not one of the factors examined .
1, 5
 
Previous studies have shown that all individuals exhibit tooth wear to varying degrees 
and that different factors contribute to overall TW.
5, 6
 Severe tooth structure loss may 
require restoration.
7
  
Most authors consider Andrew’s Six to be the standard in establishing a static, 
esthetic, and stable occlusion. Some authors have stated that along with static goals there 
should be functional goals for occlusal relationships that results in a centric relation joint 
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position with.
8
 If there was a discrepancy between CO and MIP, occlusion differed from 
the MIP or the CO position. 
9, 10
  Although some authors believe that centric relation 
should be the goal of occlusal treatment,
8, 11
 other authors have described the CR as 
subjective.
12, 13
  
 In cases where a discrepancy existed between CO and MIP, the result was a 
dental interference.
1
 If the subjects had coincident CO and MIP, occlusions were shown 
to be stable for a longer time.
14, 15
 These patients showed little tooth wear and no 
interferences. However in cases with posterior interferences, the patients would avoid 
these interferences, using contact guidance on the anterior teeth.
16, 17
 The neuromuscular 
system would direct the mandible to the canine opposite of the interference, which 
resulted in increased canine tooth wear. Eventually, the tooth wear would progress to the 
anterior and posterior teeth resulting in an unaesthetic and unstable occlusion. If these 
observations were correct, it may be possible to treat occlusion to prevent increased tooth 
wear and that discourages tooth wear as the patient ages.
15
 However, there have not been 
long term studies to evaluate the effects of dental interferences. 
 
Null Hypothesis 
There is no relationship between canine tooth wear and contralateral centric interferences.  
 
Methods and Materials 
Patient Selection 
 Approval for this study was granted by an Institutional Review Board 
(#5170224). Thirty subjects were evaluated more than seven years after the finish of 
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orthodontic treatment (T4). The post treatment orthodontic records (T2) of potential 
subjects were prescreened for inclusion criteria before being scheduled for data 
collection. Subjects were selected based on their willingness to participate in the study 
and on inclusion/exclusion criteria (Table 1). Included subjects were at least 18 years old 
at T4 and with canine Class 1 at T2, ANB angle of 0-4º depicted on a lateral 
cephalometric tracing at T2, undamaged T2 casts, had at least one molar and one 
premolar in each quadrant and had completed treatment at least seven years before T4. 
Exclusion criteria included patients who had any dental adjustments made to the canines 
after T2, subjects with a removable prosthesis, history of GERD or bulimia, medication 
history of antidepressants, muscle relaxants or SSRI’s, or a history of TMJ treatment.  
 Records from patients who met the selection criteria were reviewed and the 
following data recorded: 1) chart number, 2) gender, 3) date of birth, 4) date of T2, and 5) 
ANB angle. 
 
Data Collection 
 At the data collection appointment, subjects filled out a questionnaire (Appendix 
A) that evaluated for any exclusion and were given informed consent (Appendix B). Each 
subject underwent deprogramming of the mandibular musculature for 10 minutes. The 
deprogramming consisted of the patient biting horizontally on a cotton roll placed, in a 
right to left position, directly behind the maxillary anterior teeth with the mandibular 
anterior teeth passively resting on the cotton roll.
18, 19
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Table 1. Inclusion and Exclusion Criteria  
Inclusion Criteria 
1. T2 Class I canine dental occlusion  
2. T2 ANB angle of 0-4º depicted on lateral cephalometric tracing  
3. T2 models with undamaged canines 
4. At least one molar and one premolar in each quadrant at T2 
5. Subject’s age should be at least 18 years old 
6. Subjects who completed treatment seven years or more between T2 and T4 
Exclusion Criteria 
1. Any adjustments made to the canines after T2 by restoration or removal of 
structure 
2. Subject with crowns, veneers or fixed partial dentures on the canines 
3. Subject with any removable prosthesis 
4. Subject history of GERD or bulimia 
5. Health history of usage muscle relaxants or SSRI’s  
6. History of TMJ treatment 
 
 
After deprogramming, an occlusal registration was made using the posterior 
segments for the registration (Figure 1).
16, 17
 The registration was recorded using 
Panadent trays, manufactured by Panadent Corporation. These trays extended just distal 
to the first molars. Vanilla Bite material was applied to register the maxillary occlusion. 
A stop in the mandibular anterior region was constructed with green compound, at the 
point where the lower incisors contacted the tray. The lower incisors were guided into an 
anterior stop guided by the clinician.
16-18
 This enabled the condyles to move to an anterior 
superior position determined by deprogramming. The anterior stop was adjusted, so the 
posterior clearance was approximately 1.5 mm from the tray. The mandibular posterior 
tooth recording was captured using Vanilla Bite registration material. 
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The maxillary arch position was captured using an ear bow. Intra-oral 
photographs were taken in MIP and alginate impressions were made. Refer to Table 2 for 
a summary of the data collection sequence. The impressions were poured within 10 
minutes using orthodontic plaster (Modern Materials®, South Bend, Indiana), using the 
recommended mixing ratio of 100 grams of plaster with 35 ml of water mixed with a 
Vac-u-Mixer. 
 
 
 
 
 
Figure 1. Occlusal Registration Trays. A) Maxillary view B) Mandibular view. An 
example of the type of an open centric bite registration.  
 
 
 
 
Table 2. Data Collection Sequence 
Data Collection Sequence during the Appointment 
1. A questionnaire to evaluate for inclusion/exclusion 
2. Biting on a cotton roll between the anterior teeth for 10 minutes 
3. Occlusal registrations made in CR 
4. Ear bow registration  
5. T4 alginate impressions and Intraoral photographs 
A B 
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Lab Protocol 
 The models from T2 and T4 were compared for possible distortion. First molar 
crown B/L widths were measured on T2 and T4 models with digital calipers with an 
accuracy of +/- 0.02 mm (VINCA Digital Caliper DCLA-0605, Clockwise Tools, 
Valencia, CA). A suggested clinically acceptable range is between 0.09-0.24 mm.
20
 If 
distortion error was greater than this suggested range, another set of impressions were 
made to determine if the distortion error occurred at T4. If the consecutive T4 models 
matched, then the distortion error was produced during T2 model production.  
The accepted T4 casts were scanned using the Ortho Insight 3D scanner. The T4 
casts were then mounted on a Panadent articulator using a Panadent Ear Bow and the CR 
registration. To determine centric occlusion, the centric pin was left in the locked 
position, the incisal pin raised and the occlusal registration removed. The superior arm of 
the articulator was then gently lowered to the mandibular cast where the first point of 
contact recorded using 0.021 mm Accufilm. If contacts occurred on both sides, 0.012 mm 
Shimstock was used to determine first point of contact. The position of this contact point 
and the corresponding tooth number was recorded. 
To determine the CO/MIP discrepancy, the centric pin on the articulator was 
unlocked and the casts were gently hand articulated into MIP on the articulator. The 
incisal pin was then “dropped” and tightened onto the incisal guide table to record MIP 
position. The articulator was locked back into the CR position while the pin remained in 
its locked position at MIP. While the casts were touching in CO, the distance the incisal 
pin was from the incisal guide table was recorded. Vanilla Bite was applied to the incisal 
guide table and the maxillary arm of the articulator was lowered into a small amount of 
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the Polyvinylsiloxane (PVS) registration material. The deepest portion of this registration 
was measured with digital calipers and recorded three different times, then averaged to 
document the difference between CO and MIP.  
 
Tooth Wear Measurements 
All the 3D models were imported into 3D Systems Geomagic Control 2014, and 
evaluated for estimated volumetric changes in the canine crowns. 120 pairs of canines 
(T2 and T4) were segmented from the digital models of 30 patients (Figure 2). The 
canines at T2 and T4 were initially superimposed using the middle thirds of the labial and 
lingual surfaces for references, and then a better fit was established with a global 
registration (Figure 3). The software calculates thousands of points between the two 
models and finds a best-fit that would have the smallest standard deviation between the 
points of T2 and T4 canines (Figure 4). To calculate the volume, the 3D canine had to be 
reconstructed as a solid object. The final volume was a calculation of the constructed 3D 
object. Therefore, three boundary planes were used to construct a 3D solid object. The 
planes allowed for the two models to have identical sides, with the only difference being 
on the incisal. The mesial and distal planes were created parallel to the long axis of the 
canine of about 1.5 mm from the mesial and distal contact points (Figure 5AB). The 
gingival plane was perpendicular to the mesial and distal planes and cut off at the incisal 
third of the canine (Figure 5C). The surfaces were then filled and the volumetric 
differences between T2 and T4 canines were calculated (Figure 5D).  
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Figure 2. Geomagic Canine Segmentation. A) The tooth to be examined, needs to be 
sectioned on the software. Blue is the selected area. B) The remaining section after the 
rest of the model was removed.  
 
 
 
 
 
 
Figure 3. Geomagic Global Registration. Canines from T2 and T4, 
represented by different colors, are superimposed with a best fit, 
showing areas of overlapping tooth surfaces.  
 
 
 
  
A B 
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Figure 4. Geomagic 3D Superimposition Color Map. Image is of 
T2 canine with green showing no change, blue/purple – volume 
loss, yellow/red – volume increase.  
 
 
 
 
    
Figure 5.  Geomagic Creating Boundaries. Process for creating even 
boundaries around T2 and T4. A) and B) Creating mesial and distal boundaries 
where the red is sectioned. C) Gingival boundary is created with D) the 
remaining incisal portion left over and the volume is calculated.  
  
A B C D 
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Statistical Analysis 
SPSS
TM
 25.0 (SPSS Inc., Chicago, IL) and Microsoft® Excel were used for 
statistical analysis.  The reliability of casts were analyzed with an intraclass correlation 
test.  To evaluate the method error, ten patients were selected, and CTW analysis were 
repeated with a one week washout interval. The reliability of CTW measurements was 
also analyzed using an intraclass correlation test.  
 A Chi-square correlation test was used to test for the relationship between centric 
interference and CTW. A Wilcoxon signed-rank test was used to analyze the tooth wear 
and the side of interference. Spearman’s Rho correlation analysis was used to evaluate 
CTW and CO/MIP discrepancy. Mann-Whitney U Test analysis was used to assess the 
relationship between CTW and gender. For all statistical analyses, the significance level 
was set at alpha=0.05. 
 
Results 
Reliability 
First molar B/L width measurements showed showed excellent agreement 
between T2 and T4 casts with an average correlation coefficient of 0.95 and a mean 
difference and standard error of 0.05±0.02 mm.
20
 (Table 3)  
All tooth wear measurements were repeated on 10 subjects and intra-class 
correlation tests showed excellent agreement between original and repeated 
measurements at an overall ICC of 0.99. The mean difference and standard error were 
0.017±0.02 mm
3
. 
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Table 3. Agreement Between T2 and T4 First Molar Measurements. 
First Molar Intra-class Correlation 
LL Molar 
LR Molar 
UL Molar 
UR Molar 
0.841 
0.919 
0.969 
0.968 
 
 
Overview  
Thirty patients met the selection criteria for this study. Eleven of the subjects were 
male and nineteen subjects were female. The mean age of the subjects was 27.4±7.3 
years with a range of 21 to 46 years. The mean time between T2 and T4 was 9.1±3.5 
years with a range of 7 to 21 years post debond.  
Forty percent of the subjects had an interference on the right side and 60% of the 
subjects had an interference on the left side. Sixty percent of the subjects had a posterior 
interference on the second molar, 23% of the subjects had an interference on the first 
molar and 17% of the subjects had an interference on a premolar. Eighty-three percent of 
the subjects with interferences on the second molar, had it on the distolingual cusp of the 
maxillary second molar, and 43% of the subjects with interferences on the first molar, 
had it on the DL cusp of the maxillary first molars. The mean CO/MIP discrepancy on 
the incisal pin was 1.38±1.01 mm with a range of 0.22 to 4.09 mm.  
The mean CTW in the entire sample was 1.06±0.18 mm
3
 with a mean of 
0.13±0.16 mm
3
 tooth wear per year. The mean CTW for the right side was 2.34±2.51 
mm
3
 and the left side was 1.89±2.12 mm
3
. The mean total CTW was 4.24±4.55 mm
3
 with 
a range of 0.15 to 18.75 mm
3
. The mean CTW was 1.83±.1.81 mm
3
 in male subjects and 
0.62±.69 mm
3
 in female subject. The mean total CTW was 7.31±5.86mm
3
 in male 
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subjects 2.46±2.28 mm
3
 in female subjects. The mean CTW per year was 0.22±.21 mm
3
 
in male subjects and 0.07±.16 mm
3
 in female subjects. (Table 4) The average CTW of the 
four canines was as follows: 1.23±1.76 mm
3
 at the upper right canine, 1.08±1.48 mm
3
 at 
the upper left canine, 1.15±1.12 mm
3
 at the lower right canine, and .081±.92 mm
3
 at the 
lower left canine. (Table 5) 
 
Table 4. Summary of Canine Tooth Wear (mm
3
) per Subject 
 Male Female All 
CTW 1.83 0.62 1.06 
Total CTW 7.31 2.46 4.24 
CTW / Year 0.22 0.07 0.13 
 
 
Table 5. Summary of Canine Tooth Wear (mm
3
) per Side and Tooth 
CTW 
Right Side CTW 
 
Left Side CTW 
2.34  1.89 
UR3 LR3  UL3 LL3 
1.23 1.15  1.08 0.08 
 
 
Of the 30 subjects, 67%  showed greater CTW contralateral to the interference, 
while 33% showed greater CTW on the same side. All the canines were grouped together 
for a total of 120 teeth for statistical analysis. In the sample, 83.3% of the canines had 
less than 2 mm
3
 of tooth wear. (Table 6) 
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Table 6. Individual Canine Tooth Wear (mm
3
) Severity Distribution  
 TW (mm
3
) N=120 % of total sample  
0.00-0.99 
1.00-1.99 
2.00-2.99 
3.00-3.99 
4.00-4.99 
5.00-5.99 
6.00-6.99 
76 
24 
9 
6 
2 
1 
2 
63.3 
20.0 
7.5 
5.0 
1.7 
0.8 
1.7 
 
 
 
Correlation Between Interference and Tooth Wear 
A Chi-Square correlation test was performed to test the relationship between  
centric interference and CTW. There was no statistical relationship between centric 
interference and CTW (Chi-square = 2.5, df=1, p=.114).
21
 It was interesting to note that 
interference was 1.6 times more likely to lead to tooth wear, but a larger sample size is 
needed to make a statistical association (OR=1.6, 95% CI: 0.84-2.9).  
A Wilcoxon signed-rank test was performed comparing the side of the 
interference with right and left CTW. The left interference had a statistically significant 
difference between the right and left tooth wear (p=0.039), but the right interference had 
no statistical significance (p=0.308). The boxplot in Figure 6 illustrates the tooth wear for 
each side of the interference.  
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Figure 6. Boxplot of Bilateral Tooth Wear per Side of Interference. The boxplot 
illustrates the distribution of the tooth wear per side of interference. 
 
 
Relationship of Tooth Wear with Other Factors 
 Spearman’s Rho test was also performed and there was a statistical relationship 
between CTW and the magnitude of the CO/MIP discrepancy (rho=0.558, p=0.001). 
Figure 7 illustrates that the relationship between CO/MIP and TTW is very small.  
When evaluating gender, a Mann-Whitney U Test showed there was a statistically 
significant difference between the amount of wear between males and females (p=0.008). 
Refer to Table 5 for a summary of tooth wear of subjects. There was no relationship 
between gender and CO/MIP discrepancy (p=0.497).  
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Figure 7. Linear Scatterplot of TTW and CO/MIP Discrepancy. Linear line is a best fit 
line associated with the data points. 
 
 
Discussion 
 There have been many factors associated with TW, including physical, 
mechanical, or chemical issues.
4
 Some patients will have TW greater than expected 
which may require further restorative treatment.
4, 6, 22
 Previous attempts to study tooth 
wear have been done using a Tooth Wear Index (TWI), which lacks the sensitivity 
needed for measuring quantitative tooth loss.
3, 23, 24
  To overcome this problem, this 
project incorporated 3D surface superimposition to evaluate dental wear as suggested by 
Park et al.
23
 
 This project evaluated whether certain centric interferences cause progression of 
TW. If it can be determined occlusal interferences contribute to pathologic tooth wear, 
early reduction of the interference might lead to reduced tooth loss.   
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During excursive movements, an individual may try to avoid the interference by 
nonproprioceptive guidance on the anterior teeth, particularly the canine. Another 
possibility is that a patient with a nocioceptive response to an interference might protect 
against the canine while coming into full occlusion. Over a period of time, these 
protective mechanisms might contribute to excess tooth wear on the anterior teeth. As 
interferences increased in mandibular movements, the posterior teeth would gradually 
begin to wear as well.
4
 Eliminating centric interferences might be an important element in 
occlusal treatment.  
In this study, all of the subjects had an interference as determined by the bite 
registration protocol, and 67% had an interference with greater CTW contralateral to the 
side with the interference. More than half the interferences were due to the second molar, 
especially the disto-lingual cusp. Wood et. al. found that the most common initial point of 
contact from CR to MIP was also on the most posterior tooth.
25
 In orthodontically treated 
patients, this can be due to inadequate alignment and torque control of the maxillary 
second molar.  
 The mean long term CTW in this study was 1.06 mm
3
 and 0.13 mm
3
/year which 
is slightly greater than a study done by Rodriguez
22
 at 0.030 mm
3
 per year and Pintado et 
al.
6
 which was 0.087 mm
3
 per year. Park et. al discovered that they had a mean volume 
loss of 2.00 mm
3
 over the course of orthodontic treatment (35.5 months or .67 
mm
3
/year).
23
 The previous studies evaluated TW over 1-2 years. A slight increase in TW 
per year over a longer period was noted. This increase can be due to several factors, 
drinking more acidic drinks (coffee, energy drinks) or starting a more stressful part of 
their life. Previously, TW was described as cyclical, with tooth wear going through a 
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cycle of increased and decreased TW. 
22
 Therefore, subjects may have gone through a 
cycle of increased tooth wear.  
 Statistically, there was no statistical relationship between centric interference and 
CTW. Although, there was a likelihood that an interference is 1.6 times more likely to 
lead to TW, this was not statistically significant as some patients showed that an 
interference has a protective effect. A larger sample size is needed for statistical 
significance.  
When evaluating the distribution of CTW per side of interference, the left side 
showed statistical significance, possibly due to the larger sample size in subjects with left 
side interferences. This correlated with increased CTW on the right side.  
 The difference between CO and MIP was evaluated by measuring the distance of 
the pin from the table. All the subjects had some variability between MIP and CO. It was 
thought that with a small discrepancy, the joints were in a more stable position with the 
occlusion, therefore leading to less TW. As the discrepancy between CO/MIP increased, 
there would be an increase or decrease in TW. There was a moderate relationship 
between total CTW and CO/MIP discrepancy. A small positive correlation was seen that 
as the discrepancy decreased, tooth wear increased. Thirty percent of the subjects had a 
discrepancy of 0.50 mm. This means that there was a small difference between MIP and 
CO. Although no conclusions could be made, it is possible that the occlusion was worn 
down, therefore decreasing the overall discrepancy.  
 Gender has also been examined for differences in TW.
23, 26
 Previously, it was 
shown that males have more TW than females.
2, 26
 Some have discussed the idea that 
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females have lower pain thresholds than males.
27
 This might correlate with less TW. This 
study shows that males had a statistically greater amount of TW than females.  
 The correlation between tooth wear and interferences cannot be associated as the 
cause due to the multifactorial effects on tooth wear. However, based on our results, 
orthodontists should still be cautious of interferences at the end of treatment.  
 
Conclusions 
No statistical relationship was found between centric interferences and CTW. There was 
a relationship between a left side centric interference and CTW, but no statistically 
significant relationship between a right side centric interference and CTW. There was a 
moderate relationship between CTW and CO/MIP discrepancy. There was a statistically 
signficant difference between the amount of tooth wear between males and females. Most 
of the centric interferences were due to the disto-lingual cusp of the maxillary second 
molars.  
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CHAPTER THREE 
EXTENDED DISCUSSION 
 
Study Limitations  
 This study was a retrospective cross sectional study. Although subjects had an 
interference at T4, and increased CTW on the contralateral side, it is not clear if the 
centric interference caused the increase in CTW. It is not known where the joint position 
was at T2 because there was no CR registration made, therefore we cannot determine the 
magnitude and progression of the centric interference from T2 to T4.  
There are several inherent errors due to the nature of materials and methods in this 
study. Methods of making and pouring the impressions presents as one of the primary 
sources of error. Alginate impressions could have some distortion and orthodontic plaster 
could have some expansion or shrinkage. The orthodontic plaster used in this project had 
an expansion of 0.18%. Arch width can range by 0.3 mm
38
 or -0.174 or 0.912%
39
 for the 
conventional alginate. This could be improved in future studies if the same evaluator 
takes all registrations and uses a 3D intraoral scanner to avoid distortions.  
The CTW measured were small changes, but the possible errors in all the steps 
could amount to either underestimated or overestimated tooth loss. This was shown when 
a 3D color map was created in Geomagic. If the segmented teeth were perfect matches, 
they would have no difference in dimension. Although, the models were scanned with 
high resolution, there was some data loss in the digital file due to conversion of the actual 
model into a meshwork of triangles to create the digital file. The OrthoInsight 3D scanner 
has a resolution of 0.03-0.04 mm, with a standard error of .02 mm. This would have led 
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to an underestimated tooth loss. When performing tooth superimpositions, there was an 
inherent error in the software as well for generating the alignment. There could also be an 
error in the method of tooth wear analysis. The standard error for tooth wear analysis was 
found to be 0.02 mm
3
 in this study. 
 
Future Study Directions 
The correlations in this study were determined based on the tooth wear that 
occurred retrospectively from T4. There was no control group in this study.  One of the 
ways to study a group of patients prospectively is to possibly evaluate T1, T2, and T4 
records. Before releasing the patients, it would be important to make a CR bite 
registration at each of these time-points to study the location of the interference and its 
progression. Another possible future study is to examine the patients of an orthodontist 
who has made CR bites at different time-points and repeat this project which a different 
group of patients.  
As technology develops, digital tooth wear analysis will most likely be integrated 
with more digital software. During this study, the author tried to find previous studies 
evaluating the accuracy of Geomagic Control. A future study could evaluate the accuracy 
of Geomagic by comparing a gold standard, and comparing it with alginate impressions, 
and digital scans, and cross referencing the two different impression techniques.  
Previous studies have shown that orthodontic treatment or the type of retention 
does not lead to increased TW.
24, 26
 Since this study evaluated patients after a long term, 
there could be future studies evaluating the stability of the treatment. Although all the 
patients were Class 1 at T2, some of the occlusions changed slightly at T4. The 
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occlusions at T2 that were finished to a “socked in” Angle Class 1, seemed more stable at 
T4, and visually exhibited less tooth wear. A future study could evaluate the finishes at 
T2 and T4, utilizing the ABO Cast Radiograph Evaluation and correlating it to TW.  
   
  
 35 
REFERENCES 
 
 
1. Clark GT, Tsukiyama Y, Baba K, Watanabe T. Sixty-eight years of experimental 
occlusal interference studies: what have we learned? J Prosthet Dent 
1999;82(6):704-13. 
2. Cunha-Cruz J, Pashova H, Packard JD, Zhou L, Hilton TJ. Tooth wear: 
prevalence and associated factors in general practice patients. Community Dent 
Oral Epidemiol 2010;38(3):228-34. 
3. Knight DJ, Leroux BG, Zhu C, Almond J, Ramsay DS. A longitudinal study of 
tooth wear in orthodontically treated patients. AJO-DO 1997;112(2):194-202. 
4. Linton JL, Jung W. The Effect of Tooth Wear on Postorthodontic Pain Patients: 
Part 2. RWISO J 2010;2(1):57-68. 
5. Le Bell Y, Niemi PM, Jamsa T, Kylmala M, Alanen P. Subjective reactions to 
intervention with artificial interferences in subjects with and without a history of 
temporomandibular disorders. Acta Odontol Scand 2006;64(1):59-63. 
6. Pintado MR, Anderson GC, DeLong R, Douglas WH. Variation in tooth wear in 
young adults over a two-year period. J Prosthet Dent 1997;77(3):313-20. 
7. Sivasithamparam K, Harbrow D, Vinczer E, Young WG. Endodontic sequelae of 
dental erosion. Aust Dent J 2003;48(2):97-101. 
8. Girardot A. Physiologic Treatment Goals in Orthodontics. RWISO J 
2010;2(1):69-74. 
9. Costea CM, Badea ME, Vasilache S, Mesaros M. Effects of CO-CR discrepancy 
in daily orthodontic treatment planning. Clujul Med 2016;89(2):279-86. 
10. Shildkraut M, Wood DP, Hunter WS. The CR-CO discrepancy and its effect on 
cephalometric measurements. Angle Orthod 1994;64(5):333-42. 
11. Cordray FE. Three-dimensional analysis of models articulated in the seated 
condylar position from a deprogrammed asymptomatic population: a prospective 
study. Part 1. AJO-DO 2006;129(5):619-30. 
12. Rinchuse DJ, Kandasamy S. Myths of orthodontic gnathology. AJO-DO 
2009;136(3):322-30. 
13. Rinchuse DJ, Kandasamy S. Centric relation: A historical and contemporary 
orthodontic perspective. JADA 2006;137(4):494-501. 
14. Linton JL, Jung W. The Effect of Tooth Wear on a Postorthodontic Pain Patient. 
RWISO J 2009;1(1):47-52. 
 36 
15. Lee R. Esthetics and its relationship to function. Fundamentals of Esthetics. 
Chicago: Quintessence; 1990. 
16. Hunt KH. Bioesthetics: The Study of Beauty in Life. Dentistry Today; 1996. p. 
48-55. 
17. Martin D, Aguirrebengoa E, Armendariz A, Guisasola S, Zarate I. Orthodontics 
and Bioesthetics: A Perfect Symbiosis. RWISO J 2009;1(1):11-32. 
18. Dawson PE. Evaluation, Diagnosis, and Treatment of Occlusal Problems 2nd Ed. 
St. Louis: Mosby; 1989. 
19. Karl PJ, Foley TF. The use of a deprogramming appliance to obtain centric 
relation records. Angle Orthod 1999;69(2):117-23. 
20. Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed and 
standardized assessment instruments in psychology. Psychological Assess 
1994;6(4):284. 
21. Mukaka MM. A guide to appropriate use of correlation coefficient in medical 
research. Malawi Medical J 2012;24(3):69-71. 
22. Rodriguez JM, Austin RS, Bartlett DW. In vivo measurements of tooth wear over 
12 months. Caries Res 2012;46(1):9-15. 
23. Park J, Choi DS, Jang I, et al. A novel method for volumetric assessment of tooth 
wear using three-dimensional reverse-engineering technology: a preliminary 
report. Angle Orthod 2014;84(4):687-92. 
24. Kuijpers MA, Kiliaridis S, Renkema A, Bronkhorst EM, Kuijpers-Jagtman AM. 
Anterior tooth wear and retention type until 5 years after orthodontic treatment. 
Acta Odontol Scand 2009;67(3):176-81. 
25. Wood DP, Elliott RW. Reproducibility of the centric relation bite registration 
technique. Angle Orthod 1994;64(3):211-20. 
26. Mwangi CW, Richmond S, Hunter ML. Relationship between malocclusion, 
orthodontic treatment, and tooth wear. AJO-DO 2009;136(4):529-35. 
27. Dao TT, LeResche L. Gender differences in pain. J Orofacial Pain 2000;14(3). 
28. Cordray FE. Centric relation treatment and articulator mountings in orthodontics. 
Angle Orthod 1996;66(2):153-8. 
29. Hand JS, Beck JD, Turner KA. The prevalence of occlusal attrition and 
considerations for treatment in a noninstitutionalized older population. Special 
Care in Dentistry 1987;7(5):202-06. 
 37 
30. Ramfjord SP. Dysfunctional temporomandibular joint and muscle pain. J Prosthet 
Dent 1961;11(2):353-74. 
31. Glossary of Prosthodontic Terms, Ninth Edition. J Prosthet Dent 
2017;117(5S):e1-e105. 
32. He SS, Deng X, Wamalwa P, Chen S. Correlation between centric relation-
maximum intercuspation discrepancy and temporomandibular joint dysfunction. 
Acta Odontol Scand 2010;68(6):368-76. 
33. Cordray FE. The Relationship Between Occlusion and TMD. RWISO J 
2012;4(1):11-32. 
34. Rinchuse DJ, Rinchuse DJ, Kandasamy S. Evidence-based versus experience-
based views on occlusion and TMD. AJO-DO 2005;127(2):249-54. 
35. Kirveskari P. Assessment of occlusal stability by measuring contact time and 
centric slide. J Oral Rehabil 1999;26(10):763-6. 
36. Weffort SYK, de Fantini SM. Condylar displacement between centric relation and 
maximum intercuspation in symptomatic and asymptomatic individuals. Angle 
Orthod 2010;80(5):835-42. 
37. Wood DP, Korne PH. Estimated and true hinge axis: a comparison of condylar 
displacements. Angle Orthod 1992;62(3):167-75. 
38. Faria AC, Rodrigues RC, Macedo AP, Mattos Mda G, Ribeiro RF. Accuracy of 
stone casts obtained by different impression materials. Braz Oral Res 
2008;22(4):293-8. 
39. Imbery TA, Nehring J, Janus C, Moon PC. Accuracy and dimensional stability of 
extended-pour and conventional alginate impression materials. JADA 
2010;141(1):32-39. 
 
  
 38 
APPENDIX A 
QUESTIONNAIRE TO PARTICIPATE IN THE STUDY 
 
 
Questionnaire to Participate in the Study 
 
Effect of centric interference on canine tooth wear in patients seven years and 
beyond post orthodontic treatment - a cross sectional study 
 
 
 
 
Name___________________________________                      
Date___________________ 
 
 
1. Did you have any fillings, or crowns or adjustments 
made to any of the front teeth? 
YES                  NO 
2. Do you have a history of bulimia?  YES                  NO 
3. Do you have a history of GERD?  YES                  NO 
4. Have you ever taken medication such as: anti-
depressants, muscle relaxants or SSRI’s? 
YES                  NO 
5. Do you have pain in your jaws? YES                  NO 
 
 
 
 
Signature____________________________ 
 
 
 
 39 
APPENDIX B 
 
INFORMED CONSENT 
 
 
 
 
Informed Consent 
 
Effect of centric interference on canine tooth wear in patients seven years and 
beyond post orthodontic treatment - a cross sectional study 
 
Principal Investigator: Leroy Leggitt, DDS, MS, PhD 
    Professor and Chair 
    Advanced Education Program 
    Orthodontics and Dentofacial Orthopedics 
    Contact email: orthodept@llu.edu 
    Contact number: 909-651-3055 
 
 
 
Subject #______________________ 
 
1. Purpose and Procedure 
a. You are invited to participate in this research study because you have 
completed orthodontic treatment here at LLUSD at least 7 years ago.  
b. The aim of this research is to evaluate for any interferences and tooth wear 
present.  
c. Participation in this study will take approximately 1 hour.  
d. Participation in this study involves photographs, impressions, and a bite 
registration. 
e. Permission to review dental records. 
2. Risks 
a. Participating in this study has minimal possibility of discomfort of the 
jaws during the impression, bite registration or intraoral photographs.  
3. Benefits 
a. Because of the nature of this study, you will not have any health benefits, 
but you may gain some insight into the retention of your case.  
 40 
b. While you will not benefit personally, information obtained from this 
study will benefit humanity by providing evidence for optimal intra-oral 
health.  
4. Participation Rights 
a.   Participation in this study is voluntary. Your decision whether or not to 
participate or terminate at any time will not affect your present or future 
medical care.  
5. Confidentiality 
a. Your privacy will be protected by using an encrypted hard drive to store 
information. Your name will not be revealed to anyone.  
b. Any published document resulting from this study will not disclose your 
identity without your permission.  
c. Your privacy rights are explained in the attached PHI Authorization.  
6. Additional Costs 
a. There is no cost to your participating in this study.  
7. Reimbursement 
a. You will be paid in the form of a gift card of $10 for participating in this 
study.  
8. Impartial Third Party Contact  
a. If you wish to contact an impartial third party not associated with this 
study regarding any question or complaint you may have about the study, 
you may contact the Office of Patient Relations, Loma Linda University 
Medical Center, Loma Linda, CA 92354, phone (909) 558-4647 for 
information and assistance. 
9. Informed Consent Statement 
a. I have read the contents of the consent form and have listened to the verbal 
explanation given by the investigator. My questions concerning this study 
have been answered to my satisfaction. I hereby give voluntary consent to 
participate in this study. Signing this consent document does not waive my 
rights nor does it release the investigators, institution or sponsors from 
their responsibilities. I may call during routine office hours at (909) 558-
4616 or during non-office hours at (909) 747-9973 if I have additional 
questions or concerns. 
b. I have been given a copy of this consent form.  
c. Subject:  
 
 
                                  ______________________        __________ 
   Signature of subject     Date 
 
10. Investigator’s Attestation:  
I have reviewed this consent form with the person signing above. I 
have explained potential risks and benefits of the study.  
 
                   _________________________  _________________      __________ 
Signature of investigator      Phone Number        Date 
